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(54) Process for the preparation of pyrazoles 

(57) There is provided a process for the production 
of pyrazole compounds of general formula (II): 



wherein R p represents H or R 1 ; which process compris- 
es the reaction of a compound of general formula (III), 




5! 



CD 



R' ,a O OR"' 
CH 3 -^R 2 



wherein R 11a and R 11b independently represent C^-C 6 
alkyl, R 2 is as defined herein before, with an acylating 
agent in the presence of a base, followed by in situ re- 
action with a hydrazine compound, wherein said proc- 
ess is optionally carried out in the presence of an acti- 
vating agent. 
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Description 



[0001] This invention relates to a novel process for the preparation of pyrazoles. In particular the present invention 
relates to a novel process for the preparation of pyrazole intermediates useful in the synthesis of 4-alkylpiperazinyl- 
sulfonylphenyl- and 4-alkylpiperazinylsulfonyl pyridinyldihydropyrazolo[4,3-d]pyrimidin-7-one derivatives which are po- 
tent and selective cGMP PDE 5 inhibitors. 

[0002] A general synthetic route for the preparation of 4-a!kylpiperazinylsulfonylphenyl-dihydropyrazolo[4,3-d]pyri- 
midin-7-one derivatives (as described in EP 812 845, EP 994 115 and W098/49166, and for analogues thereof as 
described in WO 99/54333). This synthesis involves a coupling reaction between an intermediate pyrazole compound 
(I) (as illustrated in scheme 1) and a phenyl or pyridinyl derivative followed by cyclisation of the resulting coupled 
intermediate to provide pyrimidin-7-ones. 

[0003] We have now found that pyrazole compounds of general formula (I I) which are used to prepare the interme- 
diate pyrazole compounds (I) may be made via a novel n one-pot" process, as described hereinafter and illustrated in 
Scheme 1 , which process has advantages over the multi-step processes for the preparation of compounds of general 
formula (II) as described in EP 812 845, EP 994 115, WO 98/49166 and WO 99/54333. 

[0004] A further synthetic route for the preparation of certain pyrazole compounds of general formula (II) is described 
in Martins, M. A. P.; Freitag, R.; Flores, A. F. O; Zanatta, N. Synthesis, 1995, 1491 and Martins, M. A. P.; Flores, A. F. 
O; Zanatta, N.; Bastos, G. P.; Bonacorso, H. G.; Siqueira, G. M. Tetrahedron Lett. 1999, 40, 4309. In this processes 
the pyrazole compounds are prepared in two steps. 

[0005] According to a first aspect of the invention, there is provided a novel "one-pot" process for the production of 
pyrazole compounds of general formula (II): 



wherein R p represents H or R1; 

R 1 represents: H, C r C 6 alkyl; C r C 6 alkoxy; C 3 -C 6 cycloalkyl; C r C 6 alkyl^-Ce alkoxy), Het, C r C 6 alkylHet, aryl 
or C r C 6 alkylaryl, which latter eight groups are all optionally substituted (and/or, in the case of C r C 6 alkyl, op- 
tionally terminated) by one or more substituents selected from halo, cyano, nitro, C r C e alkyl, C(0)NR 4 R 5 C(O) 
R 6 , C(0)OR 7 , OR 8 , NR 9a R 9b and SO 2 NR 10a R 10b ; 

R 2 represents C r C 6 alkyl; alkoxy; C 3 -C 6 cycloalkyl; C r C 6 alkyl(C r C 6 alkoxy), Het, C r C 6 alkylHet, aryl or 

C r C 6 alkylaryl, which latter eight groups are all optionally substituted (and/or, in the case of C r C 6 alkyl, optionally 
terminated) by one or more substituents selected from halo, cyano, nitro, 0,-0= alkyl, 0(O)NR 4 R s C(0)R 6 C(O) 
OR? OR 8 , NR 9a R 9b and SO 2 NR 10a Ri<"> ; 
R 3 represents: OH, C r C 6 alkoxy or NR 4 R 5 ; 

R 4 , R 5 , R 6 , R 7 , R 8 , R1°* and R«»> independently represent H or C r C 6 alkyl; 

R 9a and R 9b either independently represent, H or C r C 6 alkyl or, together with the nitrogen atom to which they are 
attached, represent azetidinyl, pyrollidinyl or piperidinyl, 

which process comprises the reaction of a compound of general formula (III), 



O 




II 



R 11a O y 



,OR ,1b 
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wherein R 11a and R 11l > independently represent C r C 6 alkyl, R 2 is as defined herein before, 
with an acylating agent of the formula (IV) in the presence of a base, 




IV 



wherein X represents halogen independently selected from CI, F or Br, and Y represents halogen or OR 12 wherein R 12 
is: C r C 6 alkyl; C(0)CX 3 ; Het; or C r C 6 alkyl(Het) wherein Het is pyridine or imidazole, 
followed by in situ reaction with a hydrazine compound of general formula (V) 




V 

R p represents H or Ri wherein Ri is as defined hereinbefore, and R x , Rv and R z are independently selected from H 
or electron donating groups (EDG) or electron withdrawing groups (EWG) wherein said electron withdrawing or donating 
groups are labile under the conditions of the reaction, 

wherein said process is optionally carried out in the presence of an activating agent, 

which process is referred to hereinafter as "the process of the invention". Advantageously, in the process according to 
the present invention the direct addition of the hydrazine compound (V) to the reaction vessel containing the reaction 
mixture of (III), (IV) and base results in production of compounds (II) with desirable purity and yield. 
[0006] The compounds of general formula (II) can be represented by the formulae (IIA) and (IIB) as detailed here- 
inafter. The novel process according to the present invention includes the preparation of compounds of the formulae 
(IIA) and (IIB) as illustrated in Schemes 2 and 3. 




[0007] The term "aryl", when used herein, includes six- to ten-membered carbocyclic aromatic groups, such as phenyl 
and naphthyl and the like. 
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[0008] Het groups may be fully saturated, partly unsaturated, wholly aromatic, partly aromatic and/or bicyclic in char- 
acter. Het groups that may be mentioned include groups such as optionally substituted azetidinyl, pyrrolidinyl, imida- 
zolyl, indolyl, oxadiazolyl, thiadiazolyl, triazolyl, tetrazolyl, oxatriazolyl, thiatriazolyl, pyridazinyl, morpholinyl, pyrimidi- 
nyl, pyrazinyl, pyridyl, quinolinyl, isoquinolinyl, piperidinyl, pyrazolyl, imidazopyridinyl, piperazinyl, thienyl and furanyl. 
[0009] The point of attachment of any Het group may be via any atom in the ring system including (where appropriate) 
a heteroatom. Het groups may also be present in the N- or S-oxidised form. 

[0010] The term "C r C 6 alkyl" (which includes the C,-C 6 alkyl part of alkylHet and alkylaryl groups), when used 
herein, includes (e.g. methyl, ethyl, propyl, butyl, pentyl and hexyl groups). Unless otherwise specified, C,-C 6 alkyl 
groups may, when there is a sufficient number of carbon atoms, be linear or branched or be saturated or unsaturated. 
[0011] As defined herein, the term "halo" includes fluoro, chloro, bromo and iodo. 
[0012] Suitable electron donating groups, EDGs, for use herein include: 
trialkylsilyl. 

[0013] Suitable electron withdrawing groups, EWGs, for use herein include: 
rert-butyloxycarbonyl and trifluoroacetamide. 

[0014] Suitable bases for use herein preferably include: tertiary amines, such as triethylamine and di-/so-propylethyl- 
amine, 1 ,5-diazabicyclo[4.3.0]non-5-ene, 1,8-diazabicyclo[5.4.0)undec-7-ene, 1 ,4-diazabicyclo[2.2.2]octane, imida- 
zole; substituted pyridines, such as 4-(dimethylamino)pyridine; benzofused pyridines, such as quinoline and isoquin- 
oline; hindered metal alkoxides; hindered metal aryloxides; metal carbonates and bicarbonates. 
[0015] Compounds of formulae (II) may contain one or more asymmetric carbon atoms and may therefore exhibit 
optical and/or diastereoisomerism. The process of the invention thus also relates to the formation of stereoisomers of 
compounds of formulae II and mixtures thereof. Stereoisomers may be separated using conventional techniques, e. 
g. chromatography or fractional crystallisation. The various stereoisomers may be isolated by separation of a racemic 
or other mixture of the compounds using conventional, e.g. fractional crystallisation or HPLC, techniques'. Alternatively 
the desired optical isomers may be made by reaction of the appropriate optically active starting materials under con- 
ditions which will not cause racemisation or epimerisation, or by derivatisation, for example with a homochiral acid 
followed by separation of the diastereomeric esters by conventional means (e.g. HPLC, crystallisation, chromatography 
over silica or, for example, via classical resolution with a homochiral acid salt). The formation of all stereoisomers is 
included within the scope of the invention. 

[0016] In a preferred aspect of the present invention there is provided a process for the production of pyrazole com- 
pounds of general formula (II): 



wherein R p represents: H or R 1 ; R 1 represents CyC^ alkyl, which alkyl group is optionally substituted as hereinbefore 
described; R 2 represents C r C 4 alkyl; R 3 represents C r C 3 alkoxy, which process comprises the reaction of acompound 
("ID, 



FT 



, 3 - 




II 



R na O 



OR 1 



,iib 




III 



wherein R 11a and R 11b independently represent: C,-C 4 alkyl and R 2 represents C,-C 4 alkyl, 
with an acylating agent of the formula (IV) in the presence of a base, preferably pyridine: 
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IV 



wherein X represents CI or F and Y represents CI, F or C(0)CX 3 , optionally in the presence of an activating agent, 
followed by reaction with a hydrazine compound of general formula (V) in the same vessel: 



wherein R p represents H or R 1 wherein R 1 is as defined hereinbefore, and R", Ry and R z are independently selected 
from H or electron donating groups or electron withdrawing groups wherein said electron withdrawing or donating 
groups are labile under the conditions of the reaction. 

[0017] In a further preferred aspect of the present invention there is provided a process for the production of pyrazole 
compounds of general formula (HA): 



wherein R p represents: H or R 1 ; R 1 represents C r C 4 alkyl, which alkyl group is optionally substituted as hereinbefore 
described; R 2 represents C r C 4 alkyl; R 3 represents C,-C 3 alkoxy, which process comprises the reaction of a compound 
(III): 




V 




R 2 



IIA 



R ,,a O, 



OR 1 




III 



wherein R 11a and R 11b independently represent: C,-C 4 alkyl and R 2 represents C r C 4 alkyl, 
with an acylating agent in the presence of a base, preferably pyridine, of the formula (IV): 
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IV 



wherein X represents CI or F and Y represents CI, F or C(0)CX 3 , optionally in the presence of an activating agent, 
followed by reaction with a hydrazine compound of general formula (V): 



wherein R p represents H or R 1 wherein R 1 is as defined hereinbefore, and 
wherein R* = EWG, Rv and R z = H; or 

R x and RV = H and R z = EDG; or 

R* = Ry = Rz = H when Ri = EWG; or 

Rx = EWG, RV = H and R* = EDG 

wherein EWG is atri(C 1 -C 2 )alkylsilyl group and wherein EDG is selected from fert-butyloxycarbonyl andtrifluoroaceta- 



[0018] In yet another preferred aspect of the present invention there is provided a process for the production of 
pyrazole compounds of general formula (IIB): 




V 



mide. 




rV* p 



R 2 



IIB 



wherein R p represents H or R 1 wherein R 1 represents C r C 4 alkyl or C,-C 4 alkyl(C r C 2 alkoxy); 

R 2 represents C,-C 4 alkyl; and 
R 3 represents C r C 3 alkoxy, 



which process comprises the reaction of a compound (III): 
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CH,0 OCH, 
CH 3 -^ X ^CH 2 CH 3 



with an acylating agent, in the presence of pyridine, of the formula (IV): 



A 



wherein X and Y independently represent CI or F, optionally in the presence of an activating agent, followed, after 
between about 8 and 24 hours by addition of a hydrazine compound of general formula (V): 

b \ r ■ 

/"A . 

R P R 



V 



wherein when R p represents H, then 



R* = EWG, Ry and R z = H; or 

R x and RV = H and R z = EDG; or 

rx = Ry = rz = H when R 1 = EWG; or 

R x = EWG, Rv = H and R z = EDG wherein EDG is a trKC^-CaJalkylsilyl group and wherein EWG is selected from 
ferf-butyloxycarbonyl and trifluoroacetamide. 



and wherein when R p represents R 1 wherein R 1 is as defined hereinbefore, then 



rx = h, Rv = H and R z = EWG; or 
Rx = EDG, Ry = H and R z = H; or 
R x = Ry = R z = H when R 1 = EDG; or 

Rx = EDG, Ry = H and R z = EWG wherein EDG is a tri(C r C 2 )alkylsilyl group and wherein EWG is selected from 
fert-butyloxycarbonyl and trifluoroacetamide. 

[001 9] The process of the invention may be carried out in accordance with reaction conditions known to those skilled 
in the art 

[0020] The process according to the present invention requires an activating agent to "activate" the compound of 
general formula (III) and at least one equivalent of an acylating agent of general formula (IV) to "react" with the activated 
compound generated from the compound of general formula (III). Any suitable agent capable of activating the com- 
pound of general formula (III), may be used in conjunction with at least one equivalent of acylating agent of general 
formula (IV) according to the process of the present invention. 

[0021] The activating agent should be capable of converting an acetal to an enol ether under the basic reaction 
conditions. Suitable activating agents could be, trialkylsiiyl halides, trialkylsilyl trifluoromethanesulfonates, oxalyl hali- 
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des, 2-(trifluoroacetoxy)pyridine, 1-(trifluoroacetyl)imidazole, trifluoroacetyl chloride, trifluoroacetic anhydride tribro- 
moacetyl chloride and trichloroacetyl chloride. 

[0022] More preferable activators are 2-(trifluoroacetoxy)pyridine, 1 -(trifluoroacetyl)imidazole, trifluoroacetyl chlo- 
ride, tnflouroacetic anhydride, tribromoacetyl chloride and trichloroacetyl chloride. 

[0023J In a preferred process according to the present invention the acylating agent of general formula (IV) can be 
used as both the activating agent and the acylating agent. 

The acylating agent (IV) must be capable of acylating an enol ether to afford the key enone intermediate. Suitable 
reagents include be 2-(trifluoroacetoxy)pyridine, 1 -(trifluoroacetyl) imidazole, trifluoroacetyl chloride, trifluoroacetic an- 
hydride, tribromoacetyl chloride and trichloroacetyl chloride/Preferred for use herein are trifluoroacetic anhydride and 
trichloroacetyl chloride. Even more preferred for use herein is trichloroacetylchloride. 

[0024] Thus according to a yet further aspect of the present invention there is provided a process for the production 
of pyrazole compounds of general formula (II), as defined hereinbefore, which process comprises the reaction of a 
compound (III), as defined herein before, with at least one equivalent, more preferably at least two equivalents of an 
acylating agent of the formula (IV), as defined hereinbefore, optionally in the presence of an activating agent, followed 
by reaction with a hydrazine compound of general formula (V), as defined hereinbefore. 

[0025] The reaction between the compound of the general formula (III) and the activating agent (and/or the acylating 
agent of general formula (IV), for reactions wherein the activating and acylating agents are the same) according to the 
process of the present invention may be carried out in an appropriate organic solvent system, which solvent system 
should not significantly react chemically with, or significantly give rise to stereochemical changes in, the reactants or 
product once formed, or significantly give rise to other side reactions. Suitable solvents include: halogenated hydro- 
carbons (such as chloroform, dichloromethane and 1 ,2-dichloroethane), ethers (such as tetrahydrofuran, 1,4-dioxan 
diethyl ether and fert-butyl methyl ether), aromatic hydrocarbons (such as toluene, xylenes and chlorobenzene) and 
alkyl acetates (such as ethyl acetate) and mixtures thereof. A preferred solvent is dichloromethane. 
[0026] The reaction between the compound of the general formula (III) and the activating agent (and/or acylating 
agent of general formula (IV)) according to the process of the present invention may be carried at from O'C to about 
room temperature, and, preferably, in an inert atmosphere (i.e. in the presence of an inert gas, such as nitroqen or 
argon). a 
[0027] Following the activation and acylation of the compound of general formula (III) the hydrazine compound of 
general formula (V) is added directly to the reaction mixture (of the activating agent (and/or acylating agent of general 
formula (IV)) and the compound of general formula (III)) in situto provide a compound of general formula (II) according 
to the process of the present invention. The hydrazine compound (V) may be added portionwise, dropwise, in solution 
or neat. Typically the hydrazine compound is added in water and/or a suitable organic solvent (e.g. alcohols such as 
methanol, ethanol or /so-propanol, to provide a compound of general formula (II) wherein R3 is C, to C 6 alkoxy) or 
aqueous ammonia (to provide a compound of general formula (II) wherein R3 is NR 4 R 5 ) or mixtures thereof, followed 
by removal of the original reaction solvent (e.g. dichloromethane) and heat treatment. 

[0028] In reactions with hydrazine compounds of general formula (V) wherein RP = Ri and wherein R1 is an acid 
labile group such as a tent-butyloxycarbonyl group, the pH of the reaction mixture may be adjusted to between about 
pH 1 .5 and about pH 3 and preferably to about pH 2 following addition of the hydrazine compound. 
[0029] In reactions with hydrazine compounds of general formula (V) wherein RP = H, it is not necessary to adjust 
the pH of the reaction mixture following addition of the hydrazine compound. 

[0030] In a yet further aspect of the process according to the present invention compounds of general formula (II) 
wherein R3 = OH may be prepared either via conversion of pyrazole compounds of general formula (II) wherein R3 = 
alkoxy as obtained according to the process described hereinbefore, or, alternatively via an in situ conversion (of the 
ester to the acid) wherein the pH of the reaction mixture is raised to greater than about pH 8, via addition of a suitable 
base such as for example NaOH. 

[0031] In a yet further aspect of the process according to the present invention compounds of general formula (II) 
prepared as outlined hereinbefore via (III), (IV) and (V) using aqueous ammonia as solvent i.e. a compound of general 
formula (II) wherein R3 is NR 4 R 5 may be converted directly to provide a compound of the general formula B (as illus- 
trated in Scheme 1). 

[0032] Appropriate reaction times and reaction temperatures depend upon the solvent system that is employed, as 
well as the compound that is to be formed, but these may be determined routinely by the skilled person. 
[0033] Compounds of general formula (III) when not commercially available may be prepared by known techniques 
as detailed in the preparations section herein. 

[0034] Compounds of general formulae (IV) and (V), and derivatives thereof, when not commercially available or not 
subsequently described, may be obtained by conventional synthetic procedures or by analogy with the processes 
described herein, in accordance with standard techniques, from readily available starting materials using appropriate 
reagents and reaction conditions. " 

[0035] According to a further aspect of the present invention the compounds of general formula general formula I: 
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(I) 



'5 or a pharmaceutically or veterinarily acceptable salt thereof, or a pharmaceutical^ or veterinarily acceptable solvate 
of either entity, wherein: 

A is CH or N; 

20 Ri is H, C, to C 6 alkyl, C 3 to C 6 alkenyl, C 3 to C 6 cycloalkyl, C 3 to C 6 cycloalkenyl, or C r C 3 perfluoroalkyl, wherein 

said alkyl group may be branched or straight chain and wherein said alkyl, alkenyl, cycloalkyl or perfluoroalkyl 
group is optionally substituted by; one or more substituents selected from: hydroxy; C, to C 4 alkoxy; C 3 to C 6 
cycloalkyl; C,-C 3 perfluoroalkyl; phenyl substituted with one or more substitutents selected from C, to C 3 alkyl, C 1 
to C 4 alkoxy, C, to C 4 haloalkyl or C, to C 4 haloalkoxy wherein said haloalkyl and haloalkoxy groups contain one 

25 or more halo atoms, halo, CN, N0 2 , NHR 11 , NHS0 2 R 12 , SO z R 12 , S0 2 NHR 11 , COR 11 , C0 2 R 11 wherein R 11 is H, 

C, to C 4 alkyl, C 2 to C 4 alkenyl, C, to C 4 alkanoyl, C, to C 4 haloalkyl or C, to C 4 haloalkoxy and wherein R 12 is 
C, to C 4 alkyl, C 2 to C 4 alkenyl, C, to C 4 alkanoyl, C, to C 4 haloalkyl or C, to C 4 haloalkoxy; NR 7 R 8 , CONR 7 R 8 
or NR 7 COR 11 wherein R 7 and R 8 are each independently selected from H, C n to C 4 alkyl, C 2 to C 4 alkenyl, C 1 to 
C 4 alkoxy, C0 2 R 9 , S0 2 R 9 wherein said alkyl, alkenyl or alkoxy groups are optionally substituted by NR 5 R 6 , C n to 

30 c 4 haloalkyl or to C 4 haloalkoxy and wherein R 9 is H, hydroxy C 2 to C 3 alkyl, C, to C 4 alkanoyl or C, to C 4 alkyl 

which is optionally substituted with phenyl wherein said phenyl group is optionally substituted by one or more 
substituents selected from C, to C 4 alkyl optionally substituted by C, to C 4 haloalkyl or C-, to C 4 haloalkoxy, to 
C 4 alkoxy, halo, CN, N0 2 , NHR", NHS0 2 R 12 , S0 2 R 12 , S0 2 NHR 11 , COR 11 or CO a R 11 ; Het 1 ; Het 2 or Het3; or R 1 
is Het 4 or phenyl wherein said phenyl group is optionally substituted by one or more substituents selected from 

35 c A to C 4 alkyl, C 2 to C 4 alkenyl, C, to C 4 alkoxy, halo, CN, CF 3 , OCF 3 , N0 2 , NHR 11 , NHS0 2 R 12 , S0 2 R 12 , 

S0 2 NHR 11 , COR 11 , C0 2 R 11 ; 

R 2 is H, to C 6 alkyl, C 3 to C 6 alkenyl or (CH 2 ) n (C 3 to C 6 cycloalkyl) wherein n is 0, 1 or 2 and wherein said alkyl 
or alkyenyl group is optionally substituted with one or more fluoro substituents; 

40 

R 13 is OR 3 or NR 5 R 6 ; 

R 3 is C, to C 6 alkyl, C 3 -C 6 alkenyl, C 3 -C 6 alkynyl, C 3 -C 7 cycloalkyl, C^Ce perfluoroalkyl or (C 3 -C 6 cycloalkyl)C 1 -C 6 
alkyl optionally substituted with one or two substituents selected from C 3 to C 5 cycloalkyl, hydroxy, C-| to C 4 alkoxy, 
ts C 3 -C 6 alkenyl, C 3 -C 6 alkynyl, benzyloxy, NR 5 R 6 , phenyl, Het 1 , Het 2 , Het 3 or Het 4 wherein the C, to C 6 alkyl and 

C, to C 4 alkoxy groups may optionally be terminated by a haloalkyl group such as CF 3 ; C 3 to C 6 cycloalkyl; Het 1 , 
Het 2 , Het 3 or Het 4 ; 

R 4 is C r C 4 alkyl optionally substituted with OH, NR 5 R 6 , CN, CONR 5 R 6 or C0 2 R 7 ; C 2 -C 4 alkenyl optionally sub- 
so stituted with CN, CONR 5 R 6 or C0 2 R 7 ; C 2 -C 4 alkanoyl optionally substituted with NR 5 R 6 ; hydroxy C 2 -C 4 alkyl 
optionally substituted with NR 5 R 6 ; (C 2 -C 3 alkoxy)C 1 -C 2 alkyl optionally substituted with OH or NR 5 R 6 ; CONR 5 R 6 ; 
C0 2 R 7 ; halo; NR 5 R 6 ; NHS0 2 NR 5 R 6 ; NHS0 2 R 8 ; or phenyl or heterocyclyl either of which is optionally substituted 
with methyl; or R 4 is a pyrrolidinylsulphonyl, piperidinosulphonyl, morpholinosulphonyl, or piperazin-1-ylsulphonyl 
group having a substituent, R 10 at the 4-position of the piperazinyl group wherein said piperazinyl group is optionally 
ss substituted with one or two C, to C 4 alkyl, C, to C 3 alkoxy, NR 7 R 8 or CON R 7 R 8 groups and is optionally in the 
form of its 4-N-oxide; 

R 5 and R 6 are each independently selected from H and C, to C 4 alkyl optionally substituted with C 3 to C 5 cycloalkyl 



9 
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or Ci to C 4 alkoxy, or, together with the nitrogen atom to which they are attached, form an azetidinyl, pyrrolidinyl, 
piperidinyl, morpholinyl, 4-(NR 9 )- piperazinyl or imidazolyl group wherein said group is optionally substituted with 
methyl or hydroxy; 

5 R 1 ° is H; C, to C 6 alkyl, (C r C 3 alkoxy) C 2 -C 6 alkyl, hydroxy C 2 -C 6 alkyl, (R 7 R 8 N)C 2 -C 6 alkyl, (R 7 R 8 NCO)C 1 -C 6 

alkyl, CONR 7 R 8 , CSNR 7 R 8 or C(NH)NR 7 R 8 optionally substituted with one or two substituents selected from hy- 
droxy, NR 5 R 6 , CONR 5 R 6 , phenyl optionally substituted with to C 4 alkyl or C 1 to C 4 alkoxy; C 2 to C 6 alkenyl or 
Het 4 ; 

'0 Het 1 is an N-linked 4-, 5- or 6-membered nitrogen-containing heterocyclic group optionally containing one or more 

further heteroatoms selected from S, N or O; 

Het 2 is a C-linked 5-membered heterocyclic group containing an O, S or N heteroatom optionally containing one 
or more heteroatoms selected from O or S; 

15 

Het 3 is a C-linked 6-membered heterocyclic group containing an O or S heteroatom optionally containing one or 
more heteroatoms selected from O, S or N or Het 3 is a C-linked 6-membered heterocyclic group containing three 
N heteroatoms; 

20 Het 4 is a C-linked 4-, 5- or 6-membered heterocyclic group containing one, two or three heteroatoms selected from 

S, O or N; and wherein any of said heterocyclic groups Het 1 , Het 2 , Het 3 or Het 4 may be saturated, partially un- 
saturated or aromatic and wherein any of said heterocyclic groups may be optionally substituted with one or more 
substituents selected from C, to C 4 alkyl, C 2 to C 4 alkenyl, C 1 to C 4 alkoxy, halo, C0 2 R 11 , COR 11 , SO z R 12 or 
NHR 11 and/or wherein any of said heterocyclic groups is benzo-fused; 

25 

or wherein when R 13 represents OR 3 or R 3 NR 5 ; R 1 represents Het, alkylHet, aryl or alkylaryl, which latter five groups 
are all optionally substituted and/or terminated with one or more substituents selected from halo, cyano, nitro, C 1 -C 6 
alkyl, halo(C r C 6 alkyl), OR 6 , OC(0)R 7 , C(0)R 8 , C(0)OR 9 , C(0)NR 1 °R 11 , NR 12 R 13 and S0 2 NR 14 R 1 5; R 2 represents 
H, halo, cyano, nitro, OR 6 , OC(0)R 7 , C(0)R 8 , C(0)OR 9 , C(O)NR 10 R 11 , NR 12 R1 3 , S0 2 NR 14 R 16 , C r C 6 alkyl, Het, alkyl- 

30 Het, aryl or alkylaryl, which latter five groups are all optionally substituted and/or terminated with one or more substit- 
uents selected from halo, cyano, nitro, C,-C 6 alkyl, halo^-Cg alkyl), OR 6 , OC(0)R 7 , C(0)R 8 , C(0)0R 9 , C(O)NR 10 R 11 , 
NR 12 R 13 and S0 2 NR 14 R 15 ; R 3 represents H, C r C 6 alkyl, alkylHet or alkylaryl, which latter three groups are all optionally 
substituted and/or terminated with one or more substituents selected from halo, cyano, nitro, C|-C 6 alkyl, halo(C 1 -C 6 
alkyl), OR 6 , 0C(0)R 7 , C(0)R 8 , C(0)OR 9 , C(O)NR 10 R 11 , NR 12 R 13 and S0 2 NR 14 R 15 ; R 4 represents H, halo, cyano, 

35 nitro, halo(C,-C 6 alkyl), OR 6 , OC(0)R 7 , C(0)R 8 , C(0)OR 9 , C(O)NR 10 R 11 , NR 12 R 13 , NR 16 Y(0)R 17 , SOR 18 , 
S0 2 R 19 R 2 °, C(0)AZ, C,-C 6 alkyl, C 2 -C 6 alkenyl, C 2 -C 6 alkynyl, Het, alkylHet, aryl, alkylaryl, which latter seven groups 
are all optionally substituted and/or terminated with one or more substituents selected from halo, cyano, nitro, C,-C 6 
alkyl, halo(C r C 6 alkyl), OR 6 , OC(0)R 7 , C(0)R 8 , C(0)OR 9 , C(O)NR 10 R 11 , NR 12 R 13 and S0 2 NR 14 R 15 ; Y represents 
C or S(O), wherein one of R 16 and R 17 is not present when Y is S(O); A represents C 2 -C 6 alkylene; Z represents OR 6 , 

40 halo, Het or aryl, which latter two groups are both optionally substituted with one or more substituents selected from 
halo, cyano, nitro, C 1 -C 6 alkyl, halof^-Cg alkyl), OR 6 , OC(0)R 7 , C(0)R 8 , C(0)OR 9 , C(O)NR 10 R 11 , NR 12 R 13 and 
S0 2 NR 14 R 15 ; R5, R 6 , R 7 , R 8 , R 9 , R 18 , R 19 and R 20 independently represent H orC r C 6 alkyl; R 10 and R1 1 independently 
represent H or C r C 6 alkyl, which latter group is optionally substituted and/or terminated with one or more substituents 
selected from halo, cyano, nitro, C r C 6 alkyl, halo(C r C 6 alkyl), OR 6 , OC(0)R 7 , C(0)R 8 , C(0)0R 9 , C(O)NR 10 R 11 , 

« NR12R13 and S0 2 NR 14 R 15 or Het or aryl optionally substituted with one or more of said latter eleven groups or one of 
R 10 and R 11 may be C,-C 6 alkoxy, amino or Het, which latter two groups are both optionally substituted with C,-C 6 
alkyl; R 12 and R 13 independently represent H or C r C 6 alkyl or one of R 12 or R 13 may be C(O)- C r C 6 alkyl or C(0)Het 
in which Het is optionally substituted with C r C 6 alkyl; R 14 and R 15 independently represent H or C,-^ alkyl or R 14 
and R 15 , together with the nitrogen atom to which they are bound, form a heterocyclic ring; R 16 and R 17 independently 

so represent H or C r C 6 alkyl or one of R 16 and R 17 may be Het or aryl, which latter two groups are both optionally 
substituted with C^e alkyl; Het represents an optionally substituted four to twelve membered heterocyclic group, 
which may be aromatic or non-aromatic, which may contain one or more double bonds, which may be mono- or bi- 
cyclic and which contains one or more heteroatoms selected from N, S and O; 
wherein said compounds may be prepared from compounds of general formula (VIII): 

55 



10 



EP1 176 142 A1 




(VII) 



wherein R 1 , R 2 , R 4 and R 13 are as defined hereinbefore wherein said compound of general formula (VIII) is prepared 
from the reaction of a compound of general formula (VII): 




(VII) 



wherein R 4 and R 13 are as defined herein before via coupling with a compound of general formula (VI): 




VI 

wherein R 1 and R 2 are as defined hereinbefore and wherein R 1 is NRPRi 

wherein RP and Rl independently represent H or C,-C 6 alkyl and wherein said compound of general formula (VI) is 
prepared by nitration and hydrogenation of a compound of general formula (II): 




II 
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wherein R' and R 2 are as defined hereinbefore and wherein R p represents R 1 as defined hereinbefore 
characterised in that said compound of general formula (II) is prepared from the reaction of a compound of general 
formula (III), 



R m O OR' 




III 

wherein R 11a and R 11b independently represent C % -C 6 alkyl, R 2 is as defined herein before, 
with an acylating agent of the formula (IV) in the presence of a base, 




IV 



wherein X represents halogen independently selected from CI, F or Br, and Y represents halogen or OR 12 wherein R 12 
is: C r C 6 alkyl; C(0)CX 3 ; Het; or C 0 -C 6 alkyl(Het) wherein Het is pyridine or imidazole, 
followed by in situ reaction with a hydrazine compound of general formula (V) 



N— N 



V 

R p represents H or R 1 wherein R 1 is as defined hereinbefore, and R", Rv and R z are independently selected from H 
or electron donating groups (EDG) or electron withdrawing groups (EWG) wherein said electron withdrawing or donating 
groups are labile under the conditions of the reaction, 

wherein said process for the preparation of compound (II) is optionally carried out in the presence of an activating agent. 
[0036] According to a preferred process of the present invention compounds of formula (I) are prepared from com- 
pounds of formula (II) wherein R 1 represents: H, C,-C 6 alkyl; C,-C 6 alkoxy; C 3 -C 6 cycloalkyl; C,-C 6 alkyl(C,-C 6 alkoxy), 
Het, Ci-C 6 alkylHet, aryl or C,-C 6 alkylaryl, which latter eight groups are all optionally substituted (and/or, in the case 
of C 1 -C 6 alkyl, optionally terminated) by one or more substituents selected from halo, cyano, nitro, C r C 6 alkyl, C(O) 
NR 4 R 5 , C(0)R 6 , C(0)OR 7 , OR 8 , NR 9a R 9b and SO 2 NR 10a R 10b ; 

R 2 represents C r C 6 alkyl; C r C 6 alkoxy; C 3 -C 6 cycloalkyl; C r C 6 alkyl(C r C 6 alkoxy), Het, C r C 6 alkylHet, aryl or 
C A -C 6 alkylaryl, which latter eight groups are all optionally substituted (and/or, in the case of C r C 6 alkyl, optionally 
terminated) by one or more substituents selected from halo, cyano, nitro, C r C 6 alkyl, C(0)NR 4 R 5 , C(0)R 6 , C(O) 
OR 7 OR8, NR 9a R9 b and SO2NR 10a R 10b ; 
R l represents: NRPR«i; 

Rp, R", R 6 , R 7 , R a , R 10a and R 10b independently represent H or C^Cg alkyl; 

R 9a and R 9b either independently represent, H or C,-C 6 alkyl or, together with the nitrogen atom to which they are 
attached, represent azetidinyl, pyrollidinyl or piperidinyl; 
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R 4 is C r C 4 alkyl optionally substituted with OH, NR 5 R 6 , CN, CONR 5 R 6 or C0 2 R 7 ; or R 4 is C0 2 R 7 ; or R 4 is a 
pyrrolidinylsulphonyl, piperidinosulphonyl, morpholinosulphonyl, or piperazin-1-ylsulphonyl group having a sub- 
stituent, R 10 at the 4-position of the piperazinyl group wherein said piperazinyl group is optionally substituted with 
one or two C, to C 4 alkyl, C 1 to C 3 alkoxy, NR 7 R 8 or CON R 7 R 8 groups and is optionally in the form of its 4-N-oxide; 
Rio represents H or C,-C 6 alkyl. 

[0037] Highly preferred herein is a process for the preparation of compounds of general formula (I) from compounds 
of general formula (II) wherein R 1 represents C,^ alkyl, which alkyl group is optionally interrupted by an oxygen atom, 
and/or is optionally terminated by a Het group (such as a pyridinyl group); 

R 2 represents O,^ alkyl; 

R3 represents C,^ alkyl, which alkyl group is optionally interrupted by an oxygen atom; 

R 4 is C0 2 R 7 ; or R 4 is a morpholinosulphonyl, or piperazin-1 -ylsulphonyl group having a substituent, R 10 at the 
4-position of the piperazinyl group wherein R 10 represents H, methyl or ethyl. 

[0038] More preferred compounds of formulae I, IA and IB prepared according to a process of the invention include 
those in which: 

R 1 represents linear C1.3 alkyl, which alkyl group is optionally interrupted by an oxygen atom, or is optionally 
terminated by a 2-pyridinyl group (e.g. to form a 2-pyridinylmethyl group); 
R 2 represents linear C 2 . 3 alkyl; 

R3 represents linear or branched C 2 . 4 alkyl, which alkyl group is optionally interrupted by an oxygen atom; 

R 4 is C0 2 R 7 ; or R 4 is a morpholinosulphonyl, or piperazin-1 -ylsulphonyl group having a substituent, R 10 at the 

4-position of the piperazinyl group wherein R 10 represents methyl or ethyl. 

[0039] Particularly preferred compounds that may be formed according to a process of the invention include sildenafil 
(1A), and the following five compounds: 




1B 
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IF 

[0040] Said compounds 1B, 1C, 1D, 1E and 1 F are otherwise known as: 1B, (+)-3-ethyl-5-[5-(4-ethylpiperazin-1-yl- 
sulphonyl)-2-(2-methoxy-1(R)-methylethoxy)pyrrt^ a ,_ 
so known as 3-Ethyl-5-{5-[4-ethylpiperazin-1-ylsulphonyl]-2-([(1 R)-2-methoxy-1-methylethyl]oxy)pyridin-3-y^2-me- 
thyl-2,6-dihydro-7H-pyrazolo[4,3-d] pyrimidin-7-one, the compound of Example 118 of W099/54333; 1C 3-ethyl- 
5-[5-(4-ethylpiperazin-1-ylsulphonyl)-2-n-propoxyphenyl]-2-(pyridin-2-yl)methyl-2,6-dihydro-7H-pyra2olo[4 3-d]pyri- 
midin-7-one, the compound of Example 5 of W098/491 66; 1 D, 3-ethyl-5-[5-(4-ethylpiperazin-1 -ylsulphonyl)-2-(2-meth- 
oxyethoxy)pyridin-3-yl]-2-(pyridin-2-yl)methyl-2,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one, the compound of Exam- 
ple 4 of W099/54333; 1E, 5-[2-Ethoxy-5-(4-ethylpiperazin-1 -ylsulphonyl)pyridin-3-yl]-3-ethyl-2-[2-methoxyethyl]- 
2,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one, also known as 1-{6-ethoxy-5-[3-ethyl-6,7-dihydro-2-(2-methoxyethyl)- 
7-oxo-2H-pyra2olo[4,3-d]pyrimidin-5-yl]-3-pyridyl sulphonyl}-4-ethylpiperazine, the compound of Example 103 of WO 
01/27113, exemplified hereinafter as Example 1; 1F, 5-(5-acetyl-2-butoxy-3-pyridinyl)-3-ethyl-2-(1-ethyl-2-(1-ethyl- 
3-azetidinyl)-2,6-dihydro-7H-pyra2olo[4,3-dlpyrimidin-7-one, the compound of Example 132 of WO 01/27112 exem- 
plified hereinafter as Example 2. 

[0041] Compounds may be isolated from reaction mixtures using known techniques. 

[0042] Substituents on the aryl (e.g. phenyl), and (if appropriate) heterocyclic, group(s) in compounds defined herein 
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may be converted to other substituents using techniques well known to those skilled in the art. For example, amino 
may be converted to amido, amido may be hydrolysed to amino, hydroxy may be converted to alkoxy, alkoxy may be 
hydrolysed to hydroxy etc. 

[0043] It will be appreciated by those skilled in the art that, in the processes described above, the functional groups 
5 of intermediate compounds may be, or may need to be, protected by protecting groups. 

[0044] Functional groups which it is desirable to protect thus include hydroxy, amino and carboxylic acid. Suitable 

protecting groups for hydroxy include trialkylsilyl and diarylalkylsilyl groups (e.g. fert-butyldimethylsilyl, ferf-butyldiphe- 

nylsilyl or trimethylsilyl), tetrahydropyranyl, benzyl and alkylcarbonyl groups (e.g. methyl- and ethylcarbonyl groups). 

Suitable protecting groups for amino include benzyl, ferf-butyloxycarbonyl, 9-fluorenylmethoxycarbonyl or benzyloxy- 
10 carbonyl. Suitable protecting groups for carboxylic acid include C 1 ^ alkyl, ally! or benzyl esters. 

[0045] The protection and deprotection of functional groups may take place before or after any of the reaction steps 

described hereinbefore. 

[0046] Protecting groups may be removed in accordance with techniques which are well known to those skilled in 
the art and as described hereinafter. 
is [0047] The use of protecting groups is fully described in "Protective Groups in Organic Chemistry", edited by JWF 
McOmie, Plenum Press (1973), and "Protective Groups in Organic Synthesis", 3 rd edition, TW Greene & PGM Wutz, 
Wiley-lnterscience (1999). 

[0048] The process of the invention possesses the advantage that the intermediate pyrazoles of general formula (II) 
which are used in the synthesis of pyrimidin-7-ones, and in particular in the preparation of sildenafil, compound IA 

20 herein, may be prepared from commercially-available starting materials in fewer steps than in processes described in 
the prior art, without concomitant losses in terms of yield of key intermediates and of final compounds. Further, said 
pyrazoles are obtained in desirable levels of purity according to the process of the present invention. 
[0049] Further, the process of the invention may have the advantage that pyrazole compounds of general formula 
(II) may be prepared in less time, more conveniently, and at a lower cost, than when prepared in processes described 

25 in the prior art. 

[0050] The invention is illustrated, but in no way limited, by the following examples. 
[0051] All 1 H NMR spectra were recorded using a Varian Unity 300 MHz machine. 

Preparation 1 

30 

2,2-dimethoxybutane 

[0052] Methyl ethyl ketone (672 mL) was charged to a 2L round bottomed flask and stirred at room temperature 
before being treated with, trimethylorthoformate (763 mL) and para-toluenesulphonic acid (6.65 g, 0.5 mol%). Over a 
35 15 min period the internal temperature rose to 46°C, so the reaction was cooled to 0°C for 30 min. The reaction was 
then stirred at room temperature for 2 h. The reaction was then neutralised by pouring onto sodium carbonate (ca. 750 
g) with constant stirring. The resultant slurry was filtered under vacuum and the resultant filtrate was distilled at atmos- 
pheric pressure. The fraction boiling in the range 118°C-124°C was collected as a colourless liquid, 582 g, 70%. 
1 HNMR(CDCI 3 ):8 = 0.88 (3H, t), 1.24 (3H, s), 1.61 (2H, q), 3.17 (6H, s). 

40 

Example 1 

N-r3-Carbamovl-5-ethvl-1-(2-methoxyethyl)-1 H-pyrazol-4-yl}-2-ethoxv-5-(4-ethyl-1 -piperazinvl sulfonyl) nicotinamide. 
45 (a) Ethyl 3-ethyl-1 H-pyrazole-5-carboxylate (IIA) from (III) and (V) 
[0053] 



50 




55 

To a stirred solution of 2,2-dimethoxybutane (10 g, 84.7 mMol) in CH 2 CI 2 (50 mL) under a nitrogen atmosphere at 0°C 
was added pyridine (1 3.7 mL, 1 69.5 mMol). The reaction mixture was maintained at 0°C and a solution of trichloroacetyl 
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chloride (18.9 mL, 169.5 mMol) in CH 2 CL 2 (35 mL) was added over 1 hour with constant stirring. The yellow-orange 
solution begins to precipitate a white solid as the reaction progresses. The reaction mixture is allowed to warm to room 
temperature over 20 h. The reaction mixture was diluted with ethanol (1 50 mL) and re-cooled to 0°C before treatment 
with hydrazine hydrate (8.2 mL, 169.5 mMol) as a solution in ethanol (35 mL) over 30 min. The reaction was heated 
to 50°C and solvent was distilled at atmospheric pressure. The temperature was increased until the head temperature 
reached 78°C. Reflux was maintained for a further 2 h, before cooling to room temperature. The reaction mixture was 
diluted with water (250 mL) and ethanol was removed by evaporation at reduced pressure. The resultant mixture was 
extracted with CH 2 CI 2 (3 x 200 mL). The combined organics were dried (MgS0 4 ), filtered and evaporated at reduced 
pressure to afford the title compound as a brown oil, 12.05 g, 85%. 

1H NMR (300 MHz, CDCI 3 ): 5=1.20 (3H, t), 1.28 (3H, t), 2.67 (2H, q), 4.29 (2H, q), 6.55 (1H, s), 12.56 (1H, s) 
[0054] LRMS mlz= 167.1 [M-H]+, C 8 H 12 N 2 0 2 requires 168.2. 

(b) Ethyl 3-ethyl- W-pyrazole-5-carboxvlic acid (IIA) from (HA) via route 1 

[0055] 




[0056] Aqueous sodium hydroxide solution (10M; 100 ml, 1 .0 mol) was added dropwise to a stirred suspension of 
the title compound of Example (a) (66.0 g, 0.39 mol) in methanol and the resulting solution heated under reflux for 4 
hours. The cool reaction mixture was concentrated under reduced pressure to ca. 200 ml, diluted with water (200 ml) 
and this mixture washed with toluene (3 x 100 ml). The resulting aqueous phase was acidified with concentrated 
hydrochloric acid to pH 4 and the white precipitate collected and dried by suction to provide the title compound (34 1 
g). 8 (DMSO d6 ): 1.13 (3H,t), 2.56 (2H,q), 6.42 (1H,s). 

(c) 4-Nitro-3-n-propvl-1H-pyrazole-5-carboxylic acid 

[0057] Fuming sulphuric acid (17.8 ml) was added dropwise to stirred, ice-cooled fuming nitric acid (16.0 ml), the 
resulting solution heated to 50°C, then 3-n-propyl-1 H-pyrazole-5-carboxylic acid (Chem. Pharm. Bull., 1 984, 32, 1 568; 
16.4 g, 0.106 mol) added portionwise over 30 minutes whilst maintaining the reaction temperature below 6<Fc. The 
resulting solution was heated for 18 hours at 60°C, allowed to cool, then poured onto ice. The white precipitate was 
collected, washed with water and dried by suction to yield the title compound (15.4 g), m.p. 170-172°C. Found: C, 
42.35; H, 4.56; N, 21 .07. C 7 H 9 N 3 0 4 requires C, 42.21 ; H, 4.55; N, 21 .10%. 8 (DMSO ds ): 0.90 (3H,t), 1 .64 (2H m) 2 83 



(d) 3-Ethyl-4-nitro-1 H-pyrazole-S-carboxylic acid (IIA) to (AA) via route 2 
[0058] 




[0059] Obtained from the title compound of Example (b), by analogy with the process of Example (c) as a brown 
solid (64%). 8(DMSO d6 ): 1.18 (3H,t), 2.84 (2H,m), 13.72 (1H,s). 
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(e) 4-Nitro-3-n-propyl-1 H-pyrazole-5-carboxamide 

[0060] A solution of the title compound of Example (c) (15.4 g, 0.077 mol) in thionyl chloride (75 ml) was heated 
under reflux for 3 hours and then the cool reaction mixture evaporated under reduced pressure The residue was 
azeotroped with tetrahydrofuran (2 x 50 ml) and subsequently suspended in tetrahydrofuran (50 ml), then the stirred 
suspension ice-cooled and treated with gaseous ammonia for 1 hour. Water (50 ml) was added and the resulting mixture 
evaporated under reduced pressure to give a solid which, after trituration with water and drying by suction furnished 
the title compound 

!™ 8) ' m ' P ' 197 ' 199 ° C - Found: C ' 42 - 35 = H. 5.07; N, 28.38. C^H^^Og requires C, 42.42; H, 5.09; N, 28.27% 5 
(DMSO d6 ): 0.90 (3H,t), 1.68 (2H,m), 2.86 (2H,t), 7.68 (1H,s), 8.00 (1H,s). 

(f) 3-Ethyl-4-nitro-1 H-pyrazole-5-carboxamide BA from AA via route 3 
[0061] 




[0062] Obtained from the title compound of Example (d), by analogy with Example (e), as a white solid (90%) 8 
(DMSO de ): 1.17 (3H,t), 2.87 (2H,m), 7.40 (1H,s), 7.60 (1H,s), 7.90 (1H,s). LRMS: m/z 185 (M+1)+. 

(g)(i)5-Ethyl-1-(2-methoxv ethyl)-4-nitro-1H-pvrazole-3-carboxamide CAfrom BA via route 4 
[0063] 




[0064] A mixture of 3-ethyl-4-nitro-1H-pyrazole-5-carboxamide (2.5 kg, 13.6 Mol), sodium carbonate (1 8 Kg 17 0 
Mol) and 2-bromoethyl methyl ether (1 .98 kg, 14.2 Mol) in THF (22.5 L) and water (2.5 L) was heated under reflux and 
stirred for 20 hours. The mixture was cooled to ambient temperature and CH 2 CI 2 (67.5 L) and water (22 5 L) were 
added. The resultant organic and aqueous layers were separated. The aqueous phase was extracted with ChUCU 
(22.5 L) and the combined organic solution was distilled under atmospheric pressure and replaced with ethyl acetate 
(33 L) to a final volume of 17 L. The cooled mixture was granulated at ambient temperature for 2 hours, filtered and 
washed with ethyl acetate (2.5 L). This afforded 5-ethyl-1-(2-methoxyethyl)-4-nitro-1 A+pyrazole-3-carboxamide as a 
white crystalline solid, 2.10 kg, 57%. m.p. = 140°C. Found: C, 44.46; H, 5.79; N, 23.01 . CoH, J\l,0 4 requires C 44 63- 
H, 5.79; N, 23.14%. ' ' ' 

8(CDCl3): 1.18 (3H, t), 2.98 (2H, q), 3.22 (3H,s), 3.77 (2H,t), 4.28 (2H,q), 6.03(1 H s) 7 36(1H s) 
LRMS: m/z = 243 (M+1)+ ' 

(g)(ii) 5-Ethyl-1 -(2-methoxyethyl)-4-nitro-1 H-pvrazole-3-carboxamide. 

[0065] A mixture of 3-ethyl-4-nitro- 7H-pyrazole-5-carboxamide (25 g, 0.136 Mol), sodium carbonate (18 g 0 17Mol) 
and sodium iod.de (20.4 g, 0.136 Mol) were suspended in ethyl methyl ketone (125 mL) at room temperature 2-bro- 
moethyl methyl ether (12.8 mL, 0.142 Mol) was added and the mixture was heated to reflux and stirred for 70 hours 
The mixture was cooled to ambient temperature and water (250 mL) was added. The resultant slurry was warmed to 
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reflux and held at that temperature for 30 min before cooling to room temperature. The resultant precipitate was gran- 
ulated at room temperature for 3 h, filtered and vacuum dried to afford 5-ethyl-1 -(2-methoxyethyl)-4-nitro-1 H-pyrazole- 
3-carboxamide as a yellow crystalline solid 24.3 g, 74%. Data as reported for Example (g)(i). 

(h) 4-Amino-5-ethyl-1-(2-methoxyethyl)-1H-pyrazole-3-carboxamide (IA) from CA via route 5 

[0066] 




[0067] A mixture of 5-ethyl-1-(2-methoxyethyl)-4-nitro-1 H-pyrazole-3-carboxamide (20 g, 82.6 mMol) and 5%Pd/C 
(1 g) in methanol (200 mL) was pressurised at 50psi/25°C in a sealed vessel and stirred for 15 hours. At the end of 
the reaction the mixture was filtered through arbocel and the filter cake was washed with methanol. The methanolic 
solution was distilled at atmospheric pressure and replaced with ethyl acetate to a final volume of 100 mL. The cooled 
mixture was granulated at ambient temperature for2 h filtered and washed with ethyl acetate (20 mL) to afford 4-amino- 
5-ethyl-1-(2-methoxyethyl)-1 H-pyrazole-3-carboxamide as a white crystalline solid, 15 g, 88%. m.p. = 131°C. Found: 
C, 50.75; H, 7.62; N, 26.38. C 9 H 16 N 4 0 2 requires C, 50.94; H, 7.55; N, 26.42%. 

8(CDCI 3 ): 1 .20 (3H, t), 2.63 (2H, q), 3.32 (3H, s), 3.74 (2H, t), 3.95 (2H, s), 4.15 (2H, t), 5.27 (1H, s), 6.59 (1H, s). 
[0068] LRMS:m/z = 213(M+1) + 

(i) A/-[3-Carbamoyl-5-ethyl-1 -(2-methoxyethyl)-1 H-pyrazol-4-yl}-2-ethoxy-5-(4-ethyl-1 -piperazinyl sulfonyl) 
nicotinamide. 




[0070] 2-ethoxy-5-(4-ethyl-1-piperazinylsulfonyl)nicotinic acid (2.31 kg, 6.73 Mol) was suspended in ethyl acetate 
(16.2 L) and 1 ,1-carbonyldimidazole (1.09 kg, 6.73 Mol) was added at room temperature. The reaction mixture was 
heated at 45°C for 40 minutes and then the reaction was stirred for a further 40 minutes at reflux. After cooling to 
ambient temperature 4-amino-5-ethyl-1-(2-methoxyethyl)-1H-pyrazole-3-carboxamide (1.5 kg, 7.06 Mol) was added 
to the cooled mixture, and the reaction stirred for a further 15 hours under reflux. The mixture was cooled filtered and 
the filter cake was washed with 90% water / 1 0% ethyl acetate, (2 mL /g) to afford N-[3-carbamoyl-5-ethyl-1 -(2-meth- 
oxyethyl)-1 H-pyrazol-4-yl}-2-ethoxy-5-(4-ethyl-1 -piperazinyl sulfonyl) nicotinamide as an off white crystalline solid, 3. 1 6 
kg, 88%. m.p. = 156°C. Found: C, 51 .33; H, 6.56; N, 18.36. C^H^N^eS requires C, 51 .40; H, 6.53; N, 18.25%. 
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^Sn^JJSJ'Jf ^u 0, , 1 ' 60 (3H ' l) " (2H ' q) ' 254 (4H ' m) ' 296 (2H - * 312 < 4H - (3H, s), 

LRMS ^z = S^;^ ( ' q> ' 5 35(1 H ' S) ' 6 68 0H ' S)> 8 66 (1H ' d) ' 8 86 (1H ' d >' 10 51 < 1H - s )- 

4^^ 
[0071] 




[0072] A mixture of AA[3-carbamoyl-5-ethyl-1-(2-methoxyethyl)-1^pyra2ol-4-yl}-2-ethoxy-5-(4-ethyl-1-pto 

2L ^ in?? 2 °° C f ° r 20 h ° UrS - The reaCti ° n mixtUre was then concentrated under reduced pressure™ 
otal approx. 10 L of solvent were distilled. To the residue water (2.9 L) was added and the mixture stirred at oom 
temperature wh.le aqueous HCI was added until pH 7.5 was obtained. Ethyl acetate (7.5 L) was added and the Z 
£5£ ? Tf ^r 6 " 10 55 ° C ' The ° mniC Ph3Se W8S Separated and the i«« was extracted ^ 

TZT^STh ( ? } ' C ° mbined ° r9aniC PhaS6S W6re diSti " ed 31 atmos P^ric pressure to a final volume of 
4L The precip.tated solids were granulated at 5°C for 1 h, filtered and washed with ethyl acetate (1.2 L) and dried 

S^^eTTTrl V'TS ST™ 88 3 " 9ht ye "° W CrySta " ine SOlid ' 877 B. 78%. m.p' = 157-C FoTd C. 
S-nA ; J*' C ^ H 33N 7 0 5 S. 0.2 C 2 H 5 C0 2 CH 3 requires C, 53.21; H, 6.49; N, 18.25%. 

( 1 1) ' 1 42 (3H ' l)l 181 (3H ' t} ' 2 44 (2H ' «• 2 57 < 4H > m ). 3 08 (2H. q), 3.15 (4H m) 3 32 (3H s) 

sr;" 4 " i2h ' * 8 66 (,h ' * 9 - * ™> ~ -° - *i 

LRMS: m/z = 520 (M+1)+ 
Example 2 

5-(5- a cetyl-2-butox y -3-p y ridin Y l)-3.ethvl-2-n-eth V l-3- a zet idinvn-2.6-dihvdro-7H-pvrazolof4.3-dlDvrimidin-7-one. 
[0073] The title compound from Preparation 2(a) (1 20 mg, 0.28 mmol) and cesium carbonate (274 mg. 0 84 mmol) 
were dissolved ,n n-butanol (4 ml), and heated at 90-C under nitrogen with molecular sieves for 96h. The mixTurT was 

layer extracted further wrth d.chloromethane (3 x 15 ml). The combined organic layers were dried (MgS0 4 ), and con 
centrated m vacuo. The crude product was purified by flash column chromatography (95:5:0 5-90 10 1 ethyl acetate- 
mp S^SS 7- N C 3 88 e ' UentS) ' t0 Vie,d titl6 C ° mp0Und as a co,our1ess 9'ass (77 mg, 0.18 mmol) 
1 H NMR (400MHz, CDCI 3 ): £ = 1 .00-1 .05 (m, 6H), 1 .38 (t, 3H), 1 .50-1 .62 (m, 2H), 1 .90-2.00 (m 2H) 2 63 (s 3H> 

3 02 (q ' 2H)> 375 (t - 2H) - 390 (t - 2H) - 468 (t - 2H) - 5 - 10 - 5 - 20 1H >- 884 £ 'h!: 9.23 !J: 3 hJ: 

LRMS (TSP - positive ion) 439 (MH + ) 

Anal. Found C, 60.73; H, 7.06; N, 18.03 Calcdfor C^H M O 3 IV0.2MeOH.0.1 DIPE: C, 60.88; H, 7.26; N, 17.90 
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Preparation of starting materials for Example 2 

2(a) 5-(5-Acetyl-2-propoxy-3-pyridinyl)-3-ethyl-2-(1-ethyl-3-azetidinyl)-2,6-dihydr^^ 

5 [0074] Sodium cyanoborohydride (92 mg, 1 .47 mmol) was added to a stirring solution of title compound from Prep- 
aration 2(b) (500 mg, 0.98 mmol), acetaldehyde (64uJ, 1.18 mmol) and sodium acetate (1 61 mg, 1 .96 mmol) in methanol 
(10 ml) under nitrogen at room temperature. After 1h the mixture was poured into NaHC0 3 (sat. aq., 20 ml), and 
extracted with dichloromethane (3x15 ml). The combined organic layers were dried (MgS0 4 ) and concentrated in 
vacuo. The crude product was purified by flash column chromatography (95:5:0.5-80:20:1 ethyl acetate:methanol:0.88 

io NH 3 as eluent) to yield the title compound as a white solid (140 mg, 0.33 mmol). 

1H NMR (400MHz, CDCI3): 8 = 0.97 (t, 3H), 1.03 (t, 3H), 1.30 (t, 3H), 2.82-2.97 (m, 2H), 2.58-2.65 (m, 5H), 2.98 (q, 
2H), 3.68 (t, 2H), 3.85 (dd, 2H), 4.58 (dd, 2H), 5.05-5.17 (m, 1H),8.79 (s, 1H), 9.18 (s, 1H), 10.62 (brs, 1H). 
LRMS (TSP - positive ion) 426 (MH + ) 

« 2(b) 5-(5-Acetyl-2-propoxy-3-pyridinyl)-2-(3-azetidinyl)-3-ethyl-2,6-dihydro-7H-pyrazolo[4,3-d|pyrimidin-7-one 

[0075] The title compound of Preparation 2(c) (1 .44 g, 3.0 mmol) in acetone (50 ml) and sulphuric acid (1 N, 3 ml) 
was treated with mercuric sulphate (268 mg, 9.0 mmol) and heated to reflux for 6h. The reaction mixture was concen- 
trated to ~20 ml in vacuo, poured into sodium bicarbonate (sat. aq., 20ml) and extracted into methylene chloride (6 x 
20 20 ml). Combined organics were washed with brine (20 ml), dried over MgS0 4 , and concentrated to a brown oil which 
was taken up in 40% trifluoroacetic acid in methylene chloride (50ml) and water (1 ml) and stirred for 1h at room 
temperature. After evaporation in vacuo, the residue was purified by column chromatography (eluting with 95:5:1 meth- 
ylene chloride:methanol:0.88 ammonia) to afford the title compound as a white hydroscopic foam (1 .65 g). 
m.p. 128.5-1 30.0°C 

25 1H NMR (400MHz, MeOD): 5 = 1.00 (t, 3H), 1.30 (t, 3H), 1.79-1.90 (m, 2H), 2.60 (s, 3H), 3.00-3.10 (q, 2H), 4.50 (t, 
2H), 4.60-4.70 (m, 4H). 5.65-5.78 (m, 1H), 8.65 (s, 1H), 8.90 (s, 1H) 
LRMS (TSP - positive ion) 397 (MH + ) 

2(c) tert-Butyl 3-[3-ethyl-5-(S-ethynyl-2-propoxy-3-pyridinyl)-7-oxo-6,7-dihydro-2H-pyrazolo[4,3-d|pyrimidin-2-yl]- 
30 1 -azetidinecarboxylate 

[0076] Prepared from the title compound of Preparation 2(d) by the method of Preparation 2(c)(i). 
1H NMR (400MHz, CDCI 3 ): 5 = 1.05 (t, 3H), 1.30 (t, 3H), 1.43 (s, 9H), 1.88-2.00 (m, 2H), 3.00 (q, 2H), 3.19 (s, 1H), 
4.35 (appt, 2H), 4.52 (app t, 2H), 4.60-4.80 (brs, 2H), 5.22 (t, 1H), 8.39 (s, 1H), 8.80 (s, 1H), 10.75 (brs, 1H) 
35 LRMS (TSP - positive ion) 496 (MNH 4 + ). 

2(c)(i) 5-(2-Butoxy-5-ethynyl-3-pyridinyl)-3-ethyl-2-(2-methoxyethyl)-2,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one 

[0077] Potassium fluoride (22 mg, 0.38 mmol) was added to a stirred solution of the title compound of Preparation 
40 2(d)(i) (90 mg, 0.1 9 mmol) in aqueous A/./V-dimethylformamide (2 mL A/,W-dimethylformamide /0.2 mL water) at 0°C. 
After 1 0 min the reaction was allowed to warm to room temperature and stirred for 2 h. The reaction mixture was diluted 
with ethyl acetate and washed with water, 1 N hydrochloric acid (3 times) and brine. The organic layer was dried 
(MgS0 4 ) and concentrated to give the title compound as a white solid (75 mg). 

1 H NMR (400 MHz, CDCI3): 8 = 1 .00 (t, 3H), 1.40 (t, 3H), 1.50 (m, 2H), 1 .90 (m, 2H), 3.05 (q, 2H), 3.20 (s, 1H), 3.30 
45 (s, 3H), 3.85 (t, 2H), 4.40 (t, 2H), 4.60 (t, 2H), 8.40 (s, 1H), 8.80 (s, 1H), 10.70 (s, 1H). 
LRMS (TSP): 396.3 (MH+). 

2(d) tert-Butyl 3-(3-ethyl-7-oxo-5-{2-propoxv-5-[(trimethylsilyl)ethynyl]-3-pyridinyl}-6,7-dihydro-2H-pyrazolo[4,3-dl 
pyrimidin-2-yl)-1 -azetidinecarboxylate 

50 

[0078] Prepared from the title compound of Preparation 2(e) by the method of Preparation 2(d)(i). 
1H NMR (400MHz, MeOD): 8 = 0.25 (s, 9H), 1.05 (t, 3H), 1.31 (t, 3H), 1.44 (s, 9H), 1.87-1.96 (m, 2H), 3.00 (q, 2H), 
4.33 (t, 2H), 4.52 (t, 2H), 4.54-4.80 (m, 2H), 5.18-5.25 (m, 1H), 8.32 (d, 1H), 8.74 (d, 1H) 
LRMS (TSP - positive ion) 569 (MNH 4 +), 552.0 (MH+) 
55 Anal. Found C, 60.82; H, 6.90; N, 15.15 Calcd for C^HaeC^NeSi: C, 61.07; H, 6.95; N, 15.26. 
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2(d)(i) S-(2-Butoxv-5-trimeth ylsilvlethvnvl-3-pyridinvl)-3-ethvl-2-(2-methoxvethvlV2,6-dihv dro-7H-pv 3-di 
pyrimidin-7-one " Lj — 1 

[0079] The title compound from Example 1 of PCT application IB00/1430 (127 mg, 0.25 mmol) was suspended in 
triethylamine (2 mL) and trimethylsilylacetylene (38 mg, 0.39 mmol) and acetonitrile (2 mL). Pd(PPh 3 ) 2 CI 2 (5 mg 0 006 
mmol) and cuprous iodide (1 .2 mg, 0.006 mmol) were added and the reaction mixture stirred. After 1 h a further portion 
of tnmethylsilylacetylene (19 mg, 0.19 mmol) was added and stirring continued for 2 h. The solvent was evaporated 
and the res.due partitioned between ethyl acetate and water. The organics were washed with brine, dried (MgSOJ 
and concentrated to give a brown foam. Purification by flash column chromatography (gradient elution from 100% 
dichloromethane to 99% dichloromethane/methanol) gave the title compound as a light brown solid (108 mg) 
1 H NMR (300 MHz, CDCIg): 8 = 0.25 (s, 9H), 1.00 (t, 3H), 1.40 (t, 3H), 1.50 (m, 2H), 1.90 (m, 2H), 3.10 (q 2H) 3 30 
(s, 3H), 3.90 (t,2H), 4.40 (t,2H), 4.60 (t,2H), 8.40 (s,1H), 8.80 (s,1H), 10 70 (s 1H) 
LRMS (TSP): 468.3 (MH+). ' 

^ tef-Butyl 3-f3-ethvl-5-(5-iodo-2 -propoxv-3-Dvridinvl)-7-oxo-6.7-dihydro-2H-pvrazolor4.3 -Ql D vrimidin-9-x/ll. 
1-azetidinecarboxylate 1LL 

[0080] The title compound was prepared from the product of Preparation 2(f) using the method of Preparation 2(e)(i) 
1H NMR (400MHz, CDCI 3 ): 5 = 1 .05 (t, 3H), 1.30 (t, 3H), 1.43 (s, 9H), 1.87-1.96 (m, 2H), 3.00 (q 2H) 4 34 (t 2H) 
4.49 (t, 2H), 4.60 (br s, 2H), 5.20 (t, 1 H), 8.41 (d, 1 H), 8.94 (s, 1 H), 1 0.75 (br s 1 H) 
LRMS (TSP - positive ion) 598.1 (MNH 4 + ) 

Anal. Found C, 47.54; H, 5.02; N, 14.09 Calcd for C^H^O^I: C, 47.60; H, 5.04; N, 14.48. 
2(e^3-Ethyl-5-(5-iodo-2-propoxv-3-pvridinv l )-1-r2-(4-morpholinyl)ethvll-1.6-dihvdro-7H-pyrazolof4,3-d^ 

[0081] The title compound of Preparation 48 of PCT application IB00/1430 (15.78 g, 28.4 mmol) was dissolved in n- 
propanol (200 ml), ethyl acetate (6 ml) and potassium t-butoxide (3.2 g, 28.4 mmol) were added and the resultant 
mixture heated to reflux for 6h. Additional potassium t-butoxide (1 .6 g, 14.2 mmol) was added and the mixture heated 
for a further 2h, after which the solvent was removed in vacuo. The residue was partitioned between water (50 ml) and 
methylene chlonde (1 00 ml) and the organic phase separated. The aqueous phase was extracted with dichloromethane 
(2 x 1 00 ml) and the combined organics dried over MgS0 4 and reduced to a yellow solid (~1 7 g). Purification by column 
chromatography (elution with ethyl acetate) gave the title compound (1 3.3 g, 24. 1 mmol) together with recovered start- 
ing material (2.31 g, 4.2 mmol). 
m.p. 175-177°C. 

1 H NMR (300 MHz, CDCI 3 ): 5 = 1 . 1 (t, 3H), 1 .4 (t, 3H), 1 .9-2.05 (m, 2H), 2.45-2.55 (m, 4H), 2. 85 (t, 2H) 3 0 (q 2H) 
3.6-3.65 (m, 4H), 4.5 (t, 2H), 4.7 (t, 2H), 8.4 (s, 1H), 9.0 (s,1H), 10.95 (br s, 1 H) 
LRMS (TSP) 540 (MH + ). 

Analysis: found C, 46.79; H, 5.01; N, 15.44. Calcd for C 21 H 27 N 6 0 3 l : C, 46.85; H, 5.05; N, 15.61% 

2X1 ^-Butyl 3-(3-(aminocarbonvl)- 5-ethyl-4-{r5-iodo-2-propoxv-3-pyridinyl)carbonvnamin oM A+pyrazol-1 -yl)- 
1-azetidinecarboxylate ■ — — — " LJ - 

[0082] The title compound was prepared by the method of Preparation 2(f)(i) using the products from Preparations 
2(g) and 2(i). 

1H NMR (400MHz, DMSO): 8= 0.95 (t, 3H), 1.05 (t, 3H), 1.40 (s, 9H), 1.78-1.88 (m, 2H), 2.68 (q, 2H), 4.22-4.35 (m 
4H), 4.40 (t, 2H), 5.33 (t, 1H), 7.35 (bs, 1H), 7.52 (bs, 1H), 8.40 (s, 1H), 8.55 (s, 1H), 10 10 (s 1H) ' 
LRMS (TSP - positive ion) 373.2 (MH+- BOC and I) 

Anal. Found C, 45.11; H, 5.07; N. 13.56 Calcd for C^H^O^I. 0.2 DCM: C, 45.28; H, 5.14; N, 13.66. 
2jf^/V-{3-(Aminocarbonvl)-1-f2-dimethvla mino)ethvll-5-ethvl-1H-pvrazol-4-yl)-2-butoxv-5-iodonicotinamide 

[0083] Cesium carbonate (1 .17 g, 3.59 mmol) was added to a stirred solution of the title compound from Preparation 
16 of PCT application IB00/1430 (800 mg, 1.79 mmol) and W./V-dimethylaminoethyl chloride hydrochloride (309 mg 
2.15 mmol) in A/,A/-dimethylformamide (10 mL) under a nitrogen atmosphere. The mixture was heated at 80°C for 24 
h. The mixture was cooled and extracted from water with ethyl acetate. The organics were dried (MgSO.) and con- 
centrated to give a brown oil. Purification by flash column chromatography (gradient elution from 1 00% dichloromethane 
to 90% dichloromethane/MeOH) gave the product as a pale brown oil (522 mg) 
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I" ITJl 00 , MHZ ' CDC ' 3): 8 = 0 95 (t ' 3H) ' 1 20 (t 3H) ' 1 40 ( m - 2H >' 1 90 ( m - 2H >- 2 -35 (s. 6H), 2.80 (t, 2H), 2 85 
LR MS '(JSP) 529 5 (MH+)' ^ ^ ^ *' ^ ^ ^ *' 1 H> ' * M <S ' 1 H> ' 8 ' ?5 ^ 1 H) ' 1 ° 35 (S " 1 H) 

2(g) /V-[3-(AminocarbonvO -5-ethvl-1H-pvra2ol-4-yll-5-iodo-2-propoxvnicotinamide 

[0084] The title compound was prepared from 2-propoxy-5-iodonicotinic acid (see Preparation 2(h) and 4-amino- 
3-ethyl-1rt-pyrazole-5-carboxamide (prepared as described in WO 98/49166) according to the method described in 
Preparation 2(g)(i). 

|H NMR (300 MHz, d 4 -MeOH): 8 = 1.0 (t, 3H), 1.25 (t, 3H), 1.85-2.0 (m, 2H), 2.8 (q, 2H), 4.5 (t, 2H), 8.5 (s, 1H), 8.6 
LRMS (TSP) 444 (MH+). 

2(g)(i) /tf-[3-(Aminocarbonyl)-5-ethyl-1 -(2-methoxyethyl)-1 H-pvrazol-4-yll-2 
b utoxy-5-iodon icot inam ide 

[0085] Oxalyl chloride (2 g, 1 5.9 mmol) was added to a stirred solution of the title compound from Preparation 4 of 
PCT application IB00/1 430 (1 .28 g, 3.98 mmol) in dichloromethane (20 mL) and 3 drops A/./v-dimethylformamide added 
After 2.5 h the solvent was evaporated and the residue azeotroped 3 times with dichloromethane. The residue was 
resuspended m dichloromethane (4 mL) and added to a stirred mixture of the title compound of Preparation 11 from 
PCT apphcation IB00/1 430 (0.76 g, 3.58 mmol) and triethylamine (0.8 g, 7.97 mmol) in dichloromethane (1 0 mL) After 
1 h the solvent was evaporated and the residue partitioned between ethyl acetate and water. The organic phase was 
separated and washed with 2N HCI (twice), sodium bicarbonate solution (twice) and brine before being dried (MqSO.) 
and concentrated. The product was triturated with ether and filtered to give 820 mg of pure product as a white solid 
The mother liquor was concentrated and purified by flash column chromatography (elution with 80% ethyl acetate ■ 
hexane), to give a further 605 mg of product. 

!. H ouf "! o °? MH2 ' CD ° h): 5 = 0 95 (t ' 3H) " 1 20 (t ' 3H >- 1 45 < m - 2H >- 1 90 ( m > 2H), 2.85 (q, 2H), 3.35 (s, 3H) 3 80 
LRMS (TSP) 516 2 (MH*)" ^ 5 ^ S ' 1H) ' 6 ' 6 ° ^ 1H) ' 8 4 ° (S ' 1H)l 8 80 1H) ' 1 °" 30 ^ 1H ) 

2(h) 2-Propoxy-5-iodonicotinic acid 

[0086] The title compound was prepared from 2-propoxy nicotinic acid (prepared as described in WO 99/54333 the 
compound 2-n-propoxy P yridine-3-carboxylic acid, Preparation 46 prepared by the process of Preparation 1 ) using the 
method of Preparation 2(h)(i). 3 
f H NMR (300 MHz, CDCI 3 ): S = 1 .05 (t, 3H), 1.85-2.0 (m, 2H), 4.5 (t, 2H), 8.5 (s, 1H) 8 6 (s 1H) 
Analysis: found C, 35.16; H, 3.19; N, 4.46. Calcd for C 9 H 10 INO 3 : C, 35.19; H, 3.28; N, 4.56% 

2(h)(i) 2-isoButoxy-5-iodo nicotinic acid 

[0087] /V-lodosuccinamide (18.22 g, 0.08 mol), trifluoroacetic acid (100 mL) and trifluoroacetic anhydride (25 mL) 
were added to 2-,sobutoxynicotinic acid (10.55 g, 0.054 mol). The mixture was refluxed for 2.5 h, cooled and the 
solvents evaporated. The residue was extracted from water with ethyl acetate and the organics washed with water 
(twice) and brine (tw.ce), dried (MgS0 4 ) and concentrated. The red residue was redissolved in ethyl acetate washed 
wrth sodium thiosulfate solution (twice), water (twice), brine (twice), redried (MgS0 4 ) and concentrated to give the 
desired product as a yellow solid. a 
1 H NMR (300 MHz, CDCI 3 ): 8 = 1 .05 (d, 6H), 2.20 (m, 1 H), 4.40 (d, 2H), 8.50 (s, 1 H) 8 70 (s 1 H) 
LRMS (TSP): 322.3 (MH + ). 

2(i) tort-Butyl 3-iodo-1 -azetidinecarboxylate 

£088] A mixture of fert-butyl 3-[(methylsulfonyl)oxy]-1 -azetidinecarboxylate (prepared as described in Synlett 1 998 
To^T 9 ' mm0l) " potassium iodide < 16 - 5 9' 99 4 m ™°0 ^ /v-./v-dimethylformamide (25 mL), was heated at 
100 C for 42 h. The cooled mixture was partitioned between water and ethyl acetate, and the layers separated The 
organic phase was dried over MgS0 4 , concentrated under reduced pressure and the residue azeotroped with xylene 
The crude product was purified by flash column chromatography (dichloromethane as eluant) to give the title compound' 
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1 H NMR (300 MHz, CDCI 3 ) 8 = 1.43 (s, 9H), 4.28 (m, 2H), 4.46 (m, 1H), 4.62 (m, 2H). 
LRMS (TSP) 284 (MH) + 
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Claims 



1 . A process for the production of pyrazole compounds of general formula (II): 



10 




15 



II 
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wherein R p represents H or R 1 ; 

R 1 represents: H, C,-C e alkyl; C r C 6 alkoxy; C 3 -C 6 cycloalkyl; C r C 6 alkyl(C 1 -C 6 alkoxy), Het, C,-^ alkylHet, 
aryl or C,-C 6 alkylaryl, which latter eight groups are all optionally substituted (and/or, in the case of C,-C 6 
alkyl, optionally terminated) by one or more substituents selected from halo, cyano, nitro, C r C 6 alkyl, C(O) 
NR 4 R 5 , CfOJR 6 , C(0)OR 7 , OR 8 , NR 9a R 9b and SO 2 NR 10a R 10b ; 

R 2 represents C,-C 6 alkyl; C r C 6 alkoxy; C 3 -C 6 cycloalkyl; C r C 6 alkyKC^Cg alkoxy), Het, C,-C 6 alkylHet, 
aryl or C 1 -C 6 alkylaryl, which latter eight groups are all optionally substituted (and/or, in the case of C,-C 6 
alkyl, optionally terminated) by one or more substituents selected from halo, cyano, nitro, 0,-C 6 alkyl, C(O) 
NR 4 R 5 , C(0)R 6 , C(0)OR 7 , OR 8 , NR 9a R 9b and SO 2 NR 10a Ri° b ; 

R 3 represents: OH, C r C 6 alkoxy or NR 4 R 5 ; 

R 4 , R 5 , R 6 , R 7 , R 8 , R 10a and R 10b independently represent H orC^Ce alkyl; 

R 9a and R 9b either independently represent, H or C r C 6 alkyl or, together with the nitrogen atom to which they 
are attached, represent azetidinyl, pyrollidinyl or piperidinyl, 

which process comprises the reaction of a compound of general formula (III), 



R ,,a O 



OR' 




III 



50 



wherein R 11a and R 11b independently represent C r C 6 alkyl, R 2 is as defined herein before, 
with an acylating agent of the formula (IV) in the presence of a base, 



24 



EP1 176 142 A1 



X. 



CX 3 



wherein X represents halogen independently selected from CI, F or Br and wherein Y represents halogen or OR12 
wherein R« M c r C 6 alkyl, C(0)CX 3 , Het, orC 0 -C 6 alkyl(Het) wherein Het is pyridine or imidazole, followed by in 
situ reaction with a hydrazine compound of general formula (V) 




wherein Rp represents H or R1 wherein R1 is as defined hereinbefore, and R*, Rv and R* are independently selected 
from H or electron donating groups (EDG) or electron withdrawing groups (EWQ) wherein said electron withdrawinq 
or donating groups are labile under the conditions of the reaction, 
wherein said process is optionally carried out in the presence of an activating agent. 

A process for the preparation of compounds of formula (I): 




or a pharmaceutical^ or veterinarily acceptable salt thereof, or a pharmaceutical^ or veterinarily acceptable solvate 

of either entity, 

wherein: 



R1 represents: H, C r C 6 alkyl; C,-C 6 alkoxy; C 3 -C 6 cycloalkyl; C r C 6 alkyKC^Cg alkoxy), Het, C r C 6 alkylHet 
aryl or C r C 6 alkylaryl, which latter eight groups are all optionally substituted (and/or, in the case of C^-Cg 
alkyl, optionally terminated) by one or more substituents selected from halo, cyano nitro C,-C* alkvl CiO\ 
NR 4 R 5 , C(0)R 6 , C(O)0R 7 , OR 8 , NR 9a R 9b and SO 2 NR 10a R 10b ; ' 1 6 

R2 represents C r C 6 alkyl; C,-C e alkoxy; C 3 -C 6 cycloalkyl; C,-C 6 alkyl(C r C 6 alkoxy), Het, C,-C 6 alkylHet, 
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aryl or C^-Cg alkylaryl, which latter eight groups are all optionally substituted (and/or, in the case of C^-Cg 
alkyl, optionally terminated) by one or more substituents selected from halo, cyano, nitro, C r C 6 alkyl C(O) 
NR4R5, C(0)R6, C(0)OR 7 , OR 8 , NR 9a R 9b and S0 2 NRi°aRl°b; 

R 1 represents: NRPRq; 

RP, R^, R 6 , R 7 , R 8 , R 10a and R"»> independently represent H orC r C 6 alkyl; 

R 9a and R«> either independently represent, H or C r C 6 alkyl or, together with the nitrogen atom to which they 
are attached, represent azetidinyl, pyrollidinyl or piperidinyl; 

R 4 is C V C 4 alkyl optionally substituted with OH, NR 5 R 6 , CN, CONR 5 R 6 orC0 2 R 7 ; or R 4 is C0 2 R 7 ; or R 4 is a 
pyrrolidinylsulphonyl, piperidinosulphonyl, morpholinosulphonyl, or piperazin-1-ylsulphonyl group having a 
substituent, R 10 at the 4-position of the piperazinyl group wherein said piperazinyl group is optionally substi- 
tuted with one or two to C 4 alkyl, C, to C 3 alkoxy, NR 7 R 8 or CON R 7 R8 groups and is optionally in the form 
of its 4-N-oxide; 

R 10 represents H or C r C 6 alkyl; 
wherein said compounds may be prepared from compounds of general formula (VIII): 




(VII) 



wherein R 1 , R 2 , R 4 and R 13 are as defined hereinbefore wherein said compound of general formula (VIII) is pre- 
pared from the reaction of a compound of general formula (VII): 




(VII) 



wherein R 4 and R 13 are as defined herein before via coupling with a compound of general formula (VI): 



26 



EP 1 176 142 A1 




wherein R1 and R* are as defined hereinbefore and wherein Rt is NRPRq wherein Rp and R* independently rep- 
resent H or C r C 6 alkyl and wherein said compound of general formula (VI) is prepared by nitration and hydroqen- 
ation of a compound of general formula (II): y 9 " 




wherein Rt and R2 are as defined hereinbefore and wherein RP represents R1 as defined hereinbefore 

general Tomula" I ij™* ^ C ° mp ° Und ° f general formula <"> is P re P ared from th « taction of a compound of 



R 11a O OR 1 " 
CH 3 -^R 2 



wherein R«« and R"t> independently represent C r C 6 alkyl, R2 is as defined herein before 
with an acylating agent of the formula (IV) in the presence of a base, 



X 



wherein X re P^nts haloge n inde pendently selected from CI, F or Br, and Y represents halogen or ORi* wherein 
R is. C r C 6 alkyl; C(0)CX 3 ; Het; or C 0 -C 6 alkyl(Het) wherein Het is pyridine or imidazole 
followed by in situ reaction with a hydrazine compound of general formula (V) 
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R \ f 

N— N 
R P R 



V 

wherein R p represents H or R 1 wherein R 1 is as defined hereinbefore, and R x , Rv and R 2 are independently selected 
from H or electron donating groups (EDG) or electron withdrawing groups (EWG) wherein said electron withdrawing 
or donating groups are labile under the conditions of the reaction, 

wherein said process for the preparation of compound (II) is optionally carried out in the presence of an activating 
agent. 

A process according to claim 2 wherein the compound of formula (I) is sildenafil, 5-[2-Ethoxy-5-(4-ethylpiperazin- 
1-ylsulphonyl)pyridin-3-yl]-3-ethyl-2-[2-methoxyethyl]-2,6-dihydro-7H-pyra2olo[4,3-d]pyrimidin-7-one, or 5-(5- 
aceryl-2-butoxy-3-pyridinyl)-3-ethyl-2-(1-ethyl-2-(1-ethyl-3-azetidinyl)-2,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin- 
7-one. 
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